The effects of rearing period in seawater on induced maturation by hormonal treatments were ex amined in the cultured female Japanese eels Anguilla japonica. The oocytes of female eel (30 month old) kept in seawater for 3 months completed vitellogeneisis by significantly smaller number of injec tion of salmon pituitary extracts than those of female kept in seawater for one week. Fertility and hatch ing rates were not significantly different between the oocytes of the two experimental groups. Similar results were obtained in the experiment which was performed using 6-month older females. These results indicate that long term rearing in seawater increased responsiveness to salmon pituitary extract in ovarian maturation. Histological observation revealed that oocytes of females kept in seawater for 3 months became large and attained at the primary yolk globule stage, whereas oocytes of the females kept in seawater for one week were at the oil drop stage. Electron microscopic observation showed that gonadotrophs became active in the pituitary of females kept in seawater for 3 months. These results are the first findings showing that vitellogenesis is triggered under artificial rearing condition without any hormone treatments in cultured immature eels. These morphological results indicate that long term rear ing in seawater induces vitellogneisis in the females, resulting in the shortened period for compeletion of vitellogeneisis by the injection of salmon pituitary extract.
The effects of rearing period in seawater on induced maturation by hormonal treatments were ex amined in the cultured female Japanese eels Anguilla japonica. The oocytes of female eel (30 month old) kept in seawater for 3 months completed vitellogeneisis by significantly smaller number of injec tion of salmon pituitary extracts than those of female kept in seawater for one week. Fertility and hatch ing rates were not significantly different between the oocytes of the two experimental groups. Similar results were obtained in the experiment which was performed using 6-month older females. These results indicate that long term rearing in seawater increased responsiveness to salmon pituitary extract in ovarian maturation. Histological observation revealed that oocytes of females kept in seawater for 3 months became large and attained at the primary yolk globule stage, whereas oocytes of the females kept in seawater for one week were at the oil drop stage. Electron microscopic observation showed that gonadotrophs became active in the pituitary of females kept in seawater for 3 months. These results are the first findings showing that vitellogenesis is triggered under artificial rearing condition without any hormone treatments in cultured immature eels. These morphological results indicate that long term rear ing in seawater induces vitellogneisis in the females, resulting in the shortened period for compeletion of vitellogeneisis by the injection of salmon pituitary extract. sexual maturation in the silver eel, since the number of in jections of salmon pituitary extract which accompanies a lot of labor can be reduced. Therefore, the present study examined the effects of rearing period in seawater on in duced maturation in cultured eels. The effects of the rear ing period on maturation were evaluated by examining the number of injections of salmon pituitary extract and the fertility and hatching rates of ovulated eggs. Morphologi cal observation of the ovary and pituitary was also con ducted to assess the effects of rearing period in the sea water. Histological Observations To examine oocyte diameter and developmental stages of oocytes, females (6 fish in each experiment) were sam pled on the day when the first injection of salmon pituitary extract was started. Fish were sacrificed by decapitation af ter being deeply anesthetized with 2-phenoxyethanol. Af ter measuring body and gonad weight, gonadosomatic in dex (GSI) was calculated by gonad weight/body weight x 100. Small pieces of ovary were fixed in Bouin's solution, embedded in paraffin, sectioned, and stained with hematoxylin and eosin to assess oocyte diameter and the developmental stages of the oocytes. The oocyte di ameter of 30 oocytes at the most advanced stage was meas Ovulation Time In the 1-week group of Experiment I (Table 1) , ovula tion was observed in 6 of 23 females at 9:00 (15 h after DHP injection), in 14 females at 12:00 (18 h after DHP in jection), and in 3 females at 15:00 (21 h after DHP injec tion). A similar pattern of ovulation was observed in fe males kept for 3 months; 9, 15, and 9 females ovulated at 9:00, 12:00, and 15:00, respectively. In the 1-month group of Experiment 2 (Table 2) , 3, 5, and I females ovulated at 9:00, 12:00, and 15:00, respectively. In females kept for 3 months, ovulation was observed in 5, 4, and 2 females at 9:00, 12:00, and 15:00, respectively.
Materials and Methods

Fertility and Hatching Rates
In the 1-week group of Experiment 1 ( Light Microscopic Observation Females kept for 1 week in Experiment 1 had oocytes at the oil drop stage in their ovaries (Fig. 5A) . Three out of 6 females kept for 3 months had oocytes at the primary yolk globule stage in their ovaries (Fig. 5B, C) ; the remaining 3 females possessed oocytes at the oil drop stage. Females kept for I month or 3 months in Experiment 2 had oocytes at the oil drop stage (data not shown).
Electron Microscopic Observation
The gonadotrophs of the eels were identified by the mor phological features as described in the previous papers.11) The gonadotrophs of the female eels which were reared in seawater for 1 week were very small in size and number (Fig. 6A) . Their cytoplasm was very small in volume and their nucleus is located centrally. They contained only a few small secretory granules. The endoplasmic reticulum was observed around the nucleus. The Golgi apparatus was not well developed. In the eels kept for 3 months in seawater (Fig. 6B) , a few gonadotrophs became large in size and had a large cytoplasm. A relatively dilated rough endoplasmic reticulum appeared throughout the cytoplasm.
Small electron dense granules increased in num ber in the cytoplasm.
The Golgi apparatus was well devel oped. Similar morphological changes were observed in Ex periment 2.
Discussion
The present study showed that the mean number of in jections of salmon pituitary extract until the final treat ment was significantly less in the eels kept in seawater for 3 months than in the eels kept in seawater for 1 week (Expert. ment 1) or 1 month (Experiment 2). The number of injec- Most of the females ovulated 18 h after DHP injection (12:00 pm of the next day) in both experimental groups in Experiment 1 and 2. These observations confirmed the previous data showing that most of the females ovulate 18 h after DHP injection at 18:00.6) Fertility and hatching rates of fish ovulated 15 h after DHP injection were sig nificantly higher than those of fish ovulated 18 h after DHP injection in the 1-week group of the Experiment 1. These results support the previous observations showing that fertility and hatching rates of females which ovulated in shorter latency first after DHP injection were much higher than those of other females. Similar patterns of fer tility and hatching rates were observed in other experimen tal groups of the present study. The present study also showed that there was no significant difference in fertility and hatching rates between the two experimental groups in both Experiment 1 and 2. This indicates that egg quality is not affected by the long rearing period of 3 months. Thus, females can be kept in the seawater without feeding for at least 3 months as experimental fish. Gonadotrophs were very inactive in the pituitary of fe males kept for 1 week or 1 month. They became active in females kept in seawater for 3 months in both Experiment 1 and 2, suggesting that rearing in seawater for a long period stimulates sexual maturity through the pituitary gonadal axis. A previous report11) described that gonado trophs were not stimulated in male Japanese eels which were kept in seawater for 6 weeks. This may be caused by a shorter period of rearing in seawater than in the present ex periment. In conclusion, the present study indicates that long rear ing in seawater increases responsiveness to salmon pituita ry extract in ovarian maturation of the Japanese eel, result ing in shortened period from completion of oocyte growth. Morphological observation shows that gonado trophs of the fish kept for 3 months in seawater become ac tive and their oocytes attain at the primary yolk globule stage. These results indicate that an increase of responsive ness to salmon pituitary extracts is caused by use of vitello genic eels in the present study. A shortened period for com pletion. of oocyte growth reduces the consumption of salmon pituitary powder and labor required.
Further stu dies are necessary for clarifying what kind of environmen tal condition are required for the completion of vitellogene sis and oocyte maturation.
